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Abstract of EP01 08008 

The hydraulic suspension device comprises a 
plurality of flexible jacks (2a, 2b, 2c, 2d) 
interposed between the movable element (1) to 
be suspended and the support (3), as well as 
springs (4a, 4b, 4c, 4d) and damping means. The 
jack chambers are connected to hydraulic 
transmission means (5a, 5b, 5c, 5d - 7 - 12) 
transmitting to each jack the variation in the 
volumes of the other jacks. 




CD 

m 

cn 

H 



CD 
|— 

m 
o 

c 

T 



Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=EP0108008&F=0 



10/10/2005 



JEuropaiaches Patentamt 
European Patent Office ©Numerodepub.iea.lon: O 108 008 



Office europeen des brevets 



© DEMANDE DE BREVET EUROPEEN 



A1 



© Numerode depot: 83402032.* © lnt.CI*: B 60 G 21/06 

©Datededepot: 19.10.83 ~ F 16 F 15/04 ' B 60 G 17/02 



© Priority 25,10.82 FR 8217789 



© Date de publication de la demande: 
09.05.84 Bulletin 84/19 

© Etets cont recta nts designes: 
CH DE GB IT U NL SE 



© Demandeur: VIBRACHOC 

216 Lea Bureaux de la Collins da Saint Cloud 
F-92213Sa!ntCloud{FR) 

© Inventeur: Vatln, Bertrand 
17 avenue Concorde 
Ml400Or*ay{FR) 

© Inventeur: Bernard, Raou! 
35 Bis Avenue Gabriel Perl 
F-92260 Fontenay aux Rosea(FR) 

© Mandatalre: Bernasconl, Jean et al. 

Cabinet Michel Lemoine 13, Bd. des Batlgnottes 
F-75008Paris(FR) 



09 
O 



a 

ui 



© Disposf tif de suspension hydrautique. 

© Le dispositif de suspension hydraulique comports plu- 
sieurs verins souples (2a, 2b, 2c, 2d) interposes entre 
f element mobile <1) & suspendre et le support (3) sins! que 
des ressorts (4a f 4b, 4c. 4d) et des moyens d'emortfssement 
Les cha mores des verins sont reiieea a dea moyens de 
transmission hydraulique <5a, 5b f 5c, 6d - 7 - 12} transmettant 
a chaque verfn la variation des volumes des eutres verins. 
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Dispositif de suspension hydraulique. 

La pr^sente invention a trait h un dis- 
positif de suspension hydraulique destin6 h produire 
un effet de suspension £lastique avec araortisseiaent. 

On connait d€j& un grand nombre de types 

5 de suspensions hydrauliques, notairanent pour v£hicu- 
les, utilisant en gdnSral des v^rins avec pistons 
coulissant dans un cylindre ou,dans d'autres cas ,des 
v£rins souples, c'est-^-dire des enceintes d£f orraables 
ayant une 41asticit6 de paroi relativement rdduite. 

10 D f une facon g£ndrale,le grand nombre de dispositifs 
diff drents qui existe permet une adaptation h un 
grand nombre de situations pratiques diff ^rentes. 

Cependant, lorsque I'on ddsire rdaliser 
une suspension dans laquelle la partie suspendue doit 

15 conserver un parall€lisme ou un alignement lors de 
son ddplacement, il est ndcessaire d'introduire des 
moyens de guidagev ce qui augmente considdrablement 
le prlx do cos suspensions et r d f une fagon gdndrale, 
constitue une iraportante complication f en particulier 

20 si les charges h suspendre pr£sentent une grande sur- 
face. 

On a clSja propose^ dans la demande .de bre- 
vet francais n° 2.276-623 ddposde le 28 juin 1974 ,un 
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diopositif hydraulique d 1 alignement pour maintenir un 
filament mobile parall&le a un plan determine et comprenant 
au moins deux verins hydrauliques dans lesquels coulissent 
des pistons, ces verins etant inclines par rapport au 
5 plan d # un mSme angle et chaque verin etant aliments en 
liguide incompressible sur au moins I'une des faces de 
son piston, le liquide occupant dans chaque verin au moins 
une chambre de fagon telle qu'un deplacement de 1 T element 
mobile parall&lement au plan entraine dans les chambres 

10 des variations de volume correspondantes identiques, chaque 
chambre etant reli6e & un dispositif de transmission 
hydraulique transmettant a chaque vdrin la variation de 
volume correspondant exactement a la variation de volume 
de chacun des autres verins , la somme des volumes restant 

15 const ante. 

Ce document pr6voit 6galement de relier lesdits 
verins & un cylindre central auxiliaire muni d^n piston 
pr£sentant plusieurs faces, dont les chambres sont relives 
individuellement et respect ivement auxdits verins, ainsi 

20 gu'une face relive a des moyens d f etranglement pour l^mor- 
tissement et d la partie hydraulique d'un accumulateur 
hydro -pneumat ique • 

Un tel dispositif presente des proprietes remar- 
quables au point de vue du maintien du paralieiisme et 

25 ceci sans le moindre organe de guidage. Par contre, le 
fait que pratiquement toute fuite doit Stre evitee conduit 
a utiliser, pour conserver 1' etancheite, des joints de 
pistons entralnant un frottement important difficile & 
maltriser et un tel dispositif, dans la pratique, complique 

30 la realisation d'une suspension. 

En outre un tel dispositif n f est pas bien adapts 
* une suspension, car s » il est possible d'obtenir un amor- 
tissement des vibrations basse frequence, il est prati- 
quement sans effet dans les hautes frequences. 

35 D f autres dispositifs permettant le maintien 
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d'un alignement grace & des jeux de verins hydrauliques 
sont d6crits, par exemple, dans les documents EP-A-0 032 
429, FR-A-1 149 748, FR-A-1 593 724, FR-A-1 256 864, 
FR-E-58 760, BE-A-490 318, ces verins pouvant, dans 
5 certains cas, Stre du type d parol souple tel que des 
soufflets metalliques. Ces dispositifs ne permettent pas 
un amort is sement efficace dans les hautes frequences, 
sauf dans le cas du document EP-A-0 032 429 mais alors 
avec une mauvaise conservation du maintien d 1 alignement . 

10 En outre, tous ces dispositifs sont compliques & r6gler 
et ne peuvent §tre valablement asservis pour repondre 
de fagon convenable & des solicitations tres diverses. 
Or le reglagle ou 1 • asservissement de la raideur et/ou 
de l'amortissement du dispositif sont des elements majeurs 

15 de la possibility d 1 utilisation pratique de ce genre de 
dispositifs* On voit, par exemple, bien dans le document 
DE-A-1 430 900 la complication que peut atteindre un dispo- 
sitif de suspension de vehicule. 

La presente invention se propose done de remedier 

20 a ces inconvenients et de fournir un dispositif de suspen- 
sion hydraulique qui soit de realisation simple et peu 
couteuse en utilisant autant que possible les <£16inents 
du commerce, qui permette d f obtenir une suspension 61as- 
tique amortie extremement efficace quelle que soit la 

25 frequence de la sollicitation et facilement reglable ou 
asservissable en raideur et/ou en amortissement et qui 
en outre permette de conserver le paralleiisme lors du 
mouvement de la charge suspendue dans des conditions tout 
& fait convenables en pratique malgre 1' absence de tout 

30 moyen de guidage. 

L 1 invention a pour objet un dispositif de suspen- 
sion hydraulique d'un element ou charge mobile, du type * 
a verin souple, avec des moyens eiastiqjaes et des moyens 
d 1 amort is sement, comportant au moins deux verins £ parol 

35 souple interposes entre ledit element mobile et un support, ' 
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chaque verin etant aliraente en llquide incompressible 
occupant la chambre du verin de fason & conserver, dans 
une certaine mesure, le paralleiisme dudit element mobile, 
caracterise en ce que lesdites chambres desdits vferins 
sont reliees a des moyens centralises de transmission 
hydraulique transmettant a chaque vferin la variation de 
volume correspondant a la variation de volume des autres 
verins„ la somme des volumes, c • est-a-dire le volume 
hydraulique total, restant constante. 

Ce dispositif peut Stre facilement regie en 
raideur et/ou en amort issement et, de preference lesdits 
moyens centralises peuvent Stre relies a des moyens r6gla- 
bles de la raideur et/ou de 1 • amortissement de i« ensemble. 

On constate ainsi que l'on obtient, malgre l'ef- 
fet d'eiasticite propre aux differents verins dont les 
variations de volume ne sont pas strictement lineaires, 
un excellent effet de suspension dans lequel le paral- 
leiisme de 1' element mobile reste conserve dans des propor- 
tions extremement satisf aisantes . 

En outre, on obtient une grande souplesse d» adap- 
tation permettant des reglages faciles pour 1' adapt at ion 
du dispositif a toutes sortes de cas de figures avec des 
charges et des frequences de travail extremement variables. 

Par v6rin souple dans le sens de 1' invention, 
on entend des vfirins souples tels que ceux vendus dans 
le commerce, constitu6s d'une enceinte deformable, par 
exemple realisee en elastomere toile, ou en metal, par 
exemple du type soufflet, de tels verins presentant deux 
faces extrfin.es opposSes, de preference indeformables soit 
par construction, soit par appui contre les surfaces recep- 
trices correspondantes alors que la paroi later ale rejoi- 
gnant lesdites faces est. quant a elle, deformable suivant 
les variations de volume de la chambre interne form6e 
par le verin. 

Certes, on connait deja des vfirins a paroi souple 
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utilisfes dans la suspension de vehicules (voir pax example 
US-A-3 674 2 82 et us-A-3 980 3X6), mais ces verins sont 
alimentes en air, c»est-a-dire en un fluids essentiellement 
compressible qui empSche a la fois le maintien constant 
du parallelisms de la structure supportee et un reglage 
precis de la raideur. 

Les moyens elastiques de la suspension peuvent 
Stre avantageusement des accumulateurs hydro-pneumatiques 
ou des ressorts usuels de suspension, de preference regla- 
bles, conferant a celle-ci la raideur desir6e. Le cas 
6ch6ant. ces moyens peuvent faire partie du verin ou faire 
corps avec celui-ci, par exemple et notamment dans le 
cas de verins souples metalliques du type a soufflets 
qui peuvent egalement faire office de ressorts. 

Les moyens d' amort issement peuvent €tre des 
moyens quelconques . II peut s'agir par exemple d'etran- 
glements. sur les liaisons hydrauliques entre les verins 
ou d'.un amortisseur hydro-pneumatique, par exemple du 
type a membrane ou a vessie. 

Dans une forme de realisation particulierement 
simple, les differents pistons ont des sections identiques. 

D'autres avantages et caracteristiques de 1' in- 
vention apparaitront a la lecture de la description 
suivante, faite 6 titre d' exemple non limitatif et se 
refferant au dessin annexe dans lequel s 

- la figure 1 represente schematiquement une 
vue d' une premiere forme de realisation selon 1' invention, 

-' la figure 2 represente schematiquement une 
vue d'une seconde forme de realisation selon 1» invention, 

- la figure 3 represente schematiquement une 
vue d'une troisieroe forme de realisation selon 1« invention, 

- la figure 4 represente schematiquement une 
vue d'une variante de la forme de realisation de la figure 
3, 

- la figure 5 represente une vue schematique 
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d'un moyen de rGglage de raideur selon 1* invent ion , 

- la figure 6 represents une vue sch&natique 
d f un autre moyen de rdglage de raideur selon 1' invention. 

En se r£f£rant & la figure 1 # on a represent** 

• 5 une charge/^i^ment mobile 1 destin€e h. se d£placer verti- 
calement, c'est-i-dire dans le sens des flfeches. En fait, 
1 'Pigment mobile 1 est un plateau rectangulaire qui est 
vu sur la figure 1 dans son £paisseur et les v£rins qui 
vont Stre d^crits et qui ont l'air, sur la figure 1, d'Stre 

10 align^s, doivent Stre consid£r£s comme disposes chacun au 
niveau d'un coin de ce plateau rectangulaire , chaque coin 
dtant support £ par un v£rin, le dessin ayant 6t6 r£alis£ 
uniquement k titre de simplification pour £viter une vue 
en perspective. - 

15 En consequence ,sous chacun des quatre coins 

du plateau rectangulaire se trouye disposd un v^rin £las- 
tique 2a, 2b, 2c, 2d. Ces v£rins sont des v£rlns r4alls£s 
en caoutchouc toil6 pr£sentant un aspect d 1 enceinte cir- 
culaire dont la hauteur est variable et varie en croissant 

20 lorsque le diamfetre median d£croit et inversement. Les 
v^rins sont places sur un support fixe 3 par rapport au- 
quel l. v £l£ment mobile 1 doit se dSplacer. 

Des ressorts 4a, 4b, 4c, 4d sont associSs & 
** chaque v6rih et interposes entre l'dldment mobile 1 et 

25 1» support 3 pour dfcfinir, pour l f essentiel, la raideur 
de la suspension. Cependant, on pourrait aussi utiliser 
un seul ressort ou d'autres ressorts disposes loin des vGrins. 

Chacun des vdrins est reli£ par une conduite 
h volume peu ou non variable 5a, 5b, 5c , 5d & chaque fois 

30 une chambre 6a, 6b, 6c, 6d'pratiqu6e dans un bloc m^talli- 
que 7 et clans laquelle . est guid6 un piston complexe 8 compost 
d'autant de parties que de chambre s ^ savoir les parties de 
piston ■ 8a, 8b, 8c # 8d. Les sections efficaces de chaque 
partie de piston 8a, 8b, 8c, 8d sont identiques entre elles 

35 de sorte que les variations de volume des differences chara- 
bres sont identiques entre elles. L 1 autre extr^mitd du piston 
8 est en rapport avec une chambre 9 qui, par 1 1 intermddiaire 
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d'une canalisation .10 avec un robinet 11, se trouve en 
relation avec un accumulateur hydropneumatique 12. 

On cbmprend que, dans un tel dlspositif, si 
une variation de position de charge ou un effort tend a 
solliciter le verin souple 2a, par exemple pour diminuer 
son volume et expulser du liquide par la canalisation 5a, 
il se produit une augmentation de P ressi6n dans la cham- 
bre 6a et le piston 8 va etre repousse vers la droite, 
augmentant exactement de la mime guantlte les volumes des 
chambres 6b, 6c, 6d y lesguelles a ce moment-la aspirent le 
liquide contenu dans le verin 2b, 2c, 2d de sorte que la 
charge 1 va se deplacer en restant pratiquement parallele 
a elle-meme. Le meme effet se produit si le volume de l'un 
des verins souples tend a augmenter, 

Le liquide de la chambre 9 avec 1 • accumulateur 
hydropneumatique 12 tend a permettre 1- absorption des dila- 
tations thermiques du liquide hydraulique des verins et 
permet, par exemple par le reglage de 1 • etranglement 11, 
d'introduire un element d'amortissement, ces effets s'ef- 
fectuant en combinaison avec le f onctionnement de 1' accu- 
mulateur 12. 

Conforraement a l 1 invention, 1* elasticity propre 
auxparois des verins souples doit etre relativement faible 
et en tout cas suffisanmsnt faible pour ne pas entrainer des 
risgues de deflexions veritablement sensibles 

du plateau 1, compte tenu des reactions de 1- ensemble 
du dispositif.. Bien entendu,si 1'oh utilise des ressorts 
Plus raides,on ameliore egalement les performances de 1'en- 
semble. 

En se referent a la figure 2 ,o„ voit une forme 
de realisation pratiquement analogue /dl ^figure 1 Par 
centre, le dispositif a chambre et piston complexe est rem- 
Place par quatre verins souples identiques , 

a savoir les verins 13a. 13b, 13c, i 3 d , ces 
verins souples recevant les canalisations 5a a 5d respec- 
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tivement. lis $ont interposes entre une structure fixe 14 
qui est appliqude contre l*une de leurs faces et une struc- 
ture mobile 15 qui transmet h chaque v6rin 13a h 13d la 
deformation du ou des autres v£rins 13a & 13d. un ressort 
16 peut avantageusement §tre interpose entre les deux struc 
tures rigides 14 et 15. 

On comprend done, que^ si par exemple le vdrin 2a 
est sollicitd de f aeon h dirainuer son volume et & expulser 
du liquide par la canalisation 5a , le liquide aboutissant 
* l'intdrieur de la chambre du v<Srin 13a va augraenter le 

volume de celle-ci et repousser la structure rigide mobile 

on 

15 vers la gauche,/ augmentant en consequence les volumes 
des vdrins souples 13b, 13c, 13d /fkovoquant une aspiration, 
dans les volumes des v£rins 2b, 2c, 2<\ ce qui rdtablit le 
15 paralieiisme. 

egalement,l 'experience montre que l f on ob- 

tient de fagon remarquable un excellent effet de suspension 

sans ndcessiter le moindre dispositif d^sservissement dyna- 

mique, / "paralieiisme de l 1 element mobile 1 dans son d£pla- 

20 cement vertical etant assez bien conserve. 

Dans cette forme de realisation r les moyens d'a- 

mortissement peuvent Stre quelconques et, par exemple ,sira- 

plement constitues par. la faible section que l'on peut don- 

ner aux conduit^s- 5a, 5b, 5c, 5d cu par etranglenent asservi par 
exenple au regime de la machine h suroendre. ^ ^ x 

" En se referant \ la figure 3, on volt une vari- 

ante de la forme de realisation de la figure 2 dans laguelle 

le ressort 16 est supprime et remplace par un vdrin souple 

17 qui, par une canalisation 18,aboutit a un accumulateur hy- 

dropneumatique 19. Dans ce cas,le f onctionnement devient sen- 

30 siblement equivalent h celui de la figure 1 . Les ressorts 

tels que 4a, / 4b, 4c, 4d peuvent m§me Stre supprimes, l'eias- 
ticite etant alors cello de 1 'accumulateur 19. 

En se referant h la figure 4, on voit un disposi- 
tif du mSme type que celui de la figure 3 mais dans .lequel 

35 l'eiementfixe 14 est remplace par un element fixe 20 muni 
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de surfaces d'appui 21 dirigees de fagon sensiblement 
radiale et l f element mobile 15 est remplace par un element 
en forme d'etoile 22 dont les bras sensiblement paralieies 
aux surfaces 21 respectives viennent se disposer centre 
5 les faces corespondantes des v6rins 13a & 13d et 17, le 
fonctionnement etant pour le reste indent ique a celui 
de la realisation de la figure 4. 

. Les v6rins souples en eiastomfere toile utilises 
peuvent 6tre remplaces par d f autres types de v6rins souples 

10 et en particulier par des elements deformables tels que 
des elements en forme de soufflets, notamment des elements 
en soufflets, lesquels, ayant une raideur dependant de 
l'epaisseur de la paroi en soufflet, peuvent eventuellement 
completer les autres moyens eiastiques tels que ressorts 

15 ou chambres hydro -p n eumati ques • 

Les suspensions qui ont ete ainsi realisees 
selon 1' invention s'averent. extr€mement efficaces pour 
differents usages, notamment pour le support de moteurs 
ou d 1 ensembles de machines ainsi que pour la suspension 

20 de vehicules. Les caractferistiques dynamiques peuvent 
€tre r£gl£es en jouant sur les raideurs des moyens eias- 
tiques et sur le degr6 d* amort issement des moyens amort is— 
seurs . 

On se refere e la figure 5 dans laquelle on 
25 a represents un dispositif permettant de faire varier 
les caracteristiques de I'accumulateur hydro-pneumatique 
12 (ou 19) dont on voit la chambre guide 12a, la membrane 
eiastique 12b et la chambre pneumatique sous-jacente 12c. 
Une derivation du liquide 23, avec une vanne 23a, about it 
30 e la partie inferieure d'un cylindre 24 alors qu'une deri- 
vation super ieure 25, avec une vanne 25a, relie la chambre 
pneumatique 12c & la partie superieure du cylindre 24* 
Dans celui-ci peut se deplacer un piston 24c deiimitant 
deux chambres opposees inferieure 24a et superieure 24b, 
35 La position du piston 24c dans le cylindre 24, qui deter- 
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mine les volumes respectifs de ces chambres, est deterrainee 
par une tige 26, grace a des moyens de reglage manuel 
27. 

On comprend que, si l'on veut augmenter la pres- 
sion dans la chambre pneumatique 12c de 1' accumulateur 
12, il stiff ira de faire remonter le piston 24 pour diminuer 
le volume de la chambre pneumatique 24b. les robinets 
25a et 23a dtant ouverts pour permettre les adaptations 
de volume. 

En se r6f6rant a la figure 6. on voit un dispo- 
sitif similaire dans leguel la position du piston 24c 
peut etre reglee par exemple par un enroulement electro- 
magnfitique 28 reglant eiectromagnetiquement la position 
du piston 24c dans le cylindre 24. 

Ces moyens de r6glage de 1 • accumulateur 12 ou 
19. relie auxdits moyens centralises de transmission 
hydraulique tels que 7. 15 et 20 permettent ainsi le 
reglage de la raideur ou mSme. dans le cas de la figure 
6, l'asservisseraent de la raideur de 1» ensemble du dispo- 
sitif en asservissant les moyens 24c et 28 a des moyens 
de commande convenables, par exemple en fonction d'une 
vitesse ou d'une charge. 

L' invention n'est pas limitSe aux modes de reali- 
sation decrits ci-dessus et representes, madLs englobe 
25 les variantes qui en decoulent. Bn particulier, les 
ressorts 4a a 4d des figures 1 a 4 pourraient Stre 
supprimes et remplaces par 1' elasticity de 1 • accumulateur 
hydro-pneumatique 12, 19 ou 22 et/ou du ressort 16. 

Le systfeme de distribution a v6rins souples 
13a a 13d des figures 2, 3 et 4 pourrait egalement etre 
remplace par un systeme de distribution a verins d pistons, 
atteies entre eux en ligne, en parallele ou en rotation. 
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REVINDICATIONS 



1. Dispositif de suspension hydraulique d'un 
element ou charge mobile (1) du type a verin souple, avec 
des moyens elastiques (4a a 4d) et des moyens d' amort is- 
sement comportant au moins deux verins a paroi souple 
(2a, 2b, 2c, 2d) interposes entre ledit element mobile 
(1) et un support (3), chaque verin etant aliments en 
liquide incompressible occupant la chambre du verin de 
fa?on a conserver, dans une certaine mesure, le paral- 
lelisme dudit element mobile, caract6ris6 en ce que 
lesdites chambres desdits verins sont reliees a des moyens 
centralists de transmission hydrauliques (7, 8 - 14 15 
- 21, 22) transmettant & chaque verin la variation de 
volume correspondent a la variation de volume des autires 
verins, la somme des volumes, c f est-a-dire le volume 
hydraulique total, restant constante. 

2. Dispositif selon la revendication 1, carac- 
terise en ce que lesdits moyens centralises (7, 8 - 14, 
15 - 21 , 22) sont relies a des moyens reglables de la 
raideur et/ou de 1 1 amort is sement . 

3. Dispositif selon la revendication 2, carac- 
terise en ce que lesdits moyens reglables comprennent 
des ressorts (16). 

■ 4.- Dispositif selon I'une des revendications * 
2 et 3, caracteris6 en ce que lesdits moyens reglables 
comprennent des accumulateurs hydro-pneumatiques (12, 
19, 22). 

5. Dispositif selon l'une quelconque des reven- 
dications 1 A 4, caracterise en ce que lesdits moyens 
de transmission hydrauliques comprennent des verins dont 
les parties mobiles (8a a 8d, 14, 22) sont mecaniquement 
solidaires entre elles de f agon que les variations de 
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volume desdits verins soient simultanement 6gales. 

6. Dispositif selon la revendication 5, carac- 
terisS en ce que lesdits verins (13a A 13d) desdits moyens 
de transmission hydrauliques sont des verins souples. 
5 7 m Dispositif selon l'une des revendications 

5 et 6, caracterise en ce que lesdites parties mobiles 
solidaires de pistons agissent egalement sur une chambre 
de* piston (9, 17) reli6e & un accumulateur hydro-pneu- 
matique ( 12 r 19 ) . 
10 3. Dispositif selon l'une quelconque des reven- 

dications 2 d 7, caracterise en ce que lesdits moyens 
d 1 amortissement reglables comprennent des moyens etran- 
gleurs (11) ou des sections de faibles diam6tres de canali- 
sation* 

15 9. Dispositif notamment selon l , une quelconque des; 

• revendications 4 & 8, caract6ris6 en ce qu'un accumulateur 
hydro-pneumatique (12), possedant un volume hydraulique 
(12a) et un volume pneumatique (12c), a ses volumes respec- 
tivement relies par 1> intermediaire de vannes (23a, 25a) 

20 a des volumes correspondants d'un cylindre (24) dont les 
moyens de separation (24c) entre les volumes hydraulique 
et pneumatique possedent une position reglable grace & 
des moyens de reglage (26, 28). 
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Hydraulic suspension device 

The present invention relates to a hydraulic 
suspension device intended to produce an elastic 
suspension effect with damping. 

A large number of types of hydraulic suspensions are 
already known, especially for vehicles, generally using 
jacks with pistons sliding in a cylinder or, in other 
cases, flexible jacks, that is to say deformable 
enclosures having a relatively low wall elasticity. 
Generally speaking, the large number of different devices 
in existence allows adaptation to a large number of 
different practical situations. 

However, whenever the realizition of a suspension in 
which the suspended part must preserve a parallelism or an 
alignment during its displacement is desired, the 
introduction of guide means is necessary, which adds 
considerably to the price of these suspensions and, 
generally speaking, constitutes a major complication, 
particularly if the loads to be suspended have a large 
surface area. 

In French patent no. 2.276.623, filed on 28 June 1974, 
a hydraulically operated alignment device has already been 
proposed for holding a movable element parallel to a 
defined plane and comprising at least two hydraulic jacks 
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containing sliding pistons, these jacks being inclined by 
a same angle relative to the plane and each jack being 
supplied with incompressible liquid on at least one of the 
faces of its piston, the liquid occupying in this jack at 
least one chamber in such a way that a displacement of the 
movable element parallel to the plane gives rise in the 
chambers to identical corresponding volume variations, 
each chamber being connected to a hydraulic transmission 
device transmitting to each jack the volume variation 
exactly corresponding to the volume variation of each of 
the other jacks, the sum of the volumes remaining constant. 

Said document also provides for the connection of 
said jacks to an auxiliary central cylinder provided with 
a piston having a plurality of faces, the chambers of 
which are connected individually and respectively to said 
jacks, as well as a face connected to restriction means 
for the damping function and to the hydraulic part of a 
hydro pneumatic accumulator. 

Such a device exhibits remarkable properties in terms 
of maintaining the parallelism and this without the 
slightest guide member. On the other hand, the need to 
avoid virtually any leak leads to the use, in order to 
preserve leak-tightness, of piston seals producing a 
considerable friction which is difficult to control, and 
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such a device, in practice, complicates the achievement of 
a suspension. 

Moreover, such a device is not well suited to a 
suspension, since, though it is possible to obtain a 
damping of the low-frequency vibrations, it is virtually 
ineffective in the high frequencies. 

Other devices which allow an alignment to be 
maintained through sets of hydraulic jacks are described, 
for example, in documents EP-A-0 032 429, FR-A-1 149 748, 
FR-A-1 593 724, FR-A-1 256 864, FR-E-58 760, BE-A-490 318, 
which jacks may in certain cases be of the flexible wall 
type, such as metallic bellows. These devices do not allow 
effective damping in the high frequencies, apart from in 
the case of document EP-A-0 032 429 but then in return for 
poor preservation of the alignment maintenance. Moreover, 
all these devices are complicated to adjust and cannot be 
properly controlled to respond appropriately to a wide 
variety of stresses. Now the adjustment or control of the 
stiffness and/or damping function of the device are major 
elements in the prospect df practical use of this category 
of devices. Document DE-A-1 430 900 serves to illustrate, 
for example, the complexity which can be reached by a 
vehicle suspension device. 

The present invention therefore sets out to eliminate 
these drawbacks and to provide a hydraulic suspension 
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device which is of simple construction and inexpensive, by 
using commercially available components as much as 
possible, which produces an extremely effective, damped 
elastic suspension, whatever the frequency of the stress, 
and is easily adjustable or controllable in terms of 
stiffness and/or damping function, and which additionally 
allows the parallelism to be preserved during movement of 
the suspended load under wholly suitable conditions in 
practice, despite the absence of any guide means. 

The subject of the invention is a hydraulic 
suspension device for a movable element or load, of the 
flexible jack type, having elastic means and damping means, 
which device comprises at least two flexible-wall jacks 
interposed between said movable element and a support, 
each jack being supplied with incompressible liquid 
occupying the chamber of the jack in such a way as to 
preserve, to a certain extent, the parallelism of said 
movable element, wherein said chambers of said jacks are 
connected to centralized hydraulic transmission means 
transmitting to each jack the volume variation 
corresponding to the volume variation of the other jacks, 
the sum of the volumes, that is to say the total hydraulic 
volume, remaining constant. 

This device can be easily adjusted in stiffness 
and/or damping function and said centralized means can 
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preferably be connected to adjustable means for the 
stiffness and/or damping function of the whole. 

It is thus discovered that, despite the elasticity 
effect peculiar to the various jacks, the volume 
variations of which are not strictly linear, an excellent 
suspension effect is obtained in which the parallelism of 
the movable element continues to be preserved in extremely 
satisfactory proportions. 

In addition, a wide adaptability of use is obtained, 
allowing easy adjustments for adaptation of the device to 
all manner of figures with extremely variable loads and 
modus operandi frequencies. 

Flexible jack within the meaning of the invention 
should be understood as flexible jacks such as those which 
are commercially sold, constituted by a deformable 
enclosure, for example made of ground elastomer, or of 
metal, for example of the bellows type, such jacks having 
two opposite end faces, preferably indeformable either by 
construction or by resting against the corresponding 
receiving surfaces, whereas the side wall joining said 
faces is, for its part, deformable in line with the volume 
variations of the inner chamber formed by the jack. 

Although flexible-wall jacks used in the suspension 
of vehicles are already known (see, for example, US-A-3 
674 282 and US-A-3 980 316), these jacks are supplied with 
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air, that is to say with an essentially compressible fluid 
which prevents both the constant maintenance of the 
parallelism of the supported structure and a precise 
adjustment of the stiffness. 

The elastic means of the suspension can 
advantageously be hydro pneumatic accumulators or ordinary 
suspension springs, preferably adjustable, conferring the 
desired stiffness to said suspension. If need be, these 
means can belong to the jack or form an integral part 
thereof, for example, and especially in the case of 
metallic flexible jacks of the type with bellows, which 
can also act as springs. 

The damping means can be any means whatsoever. These 
may be constituted, for example, by restrictions on the 
hydraulic connections between the jacks or by a. hydro 
pneumatic damper, for example of the diaphragm or bladder 
type. 

In a particularly simple embodiment, the various 
pistons have identical sections. 

Other advantages and characteristics of the invention 
will become apparent from a reading of the following 
description, offered by way of non-limiting example and 
with reference to the appended drawing, in which: 

- figure 1 shows in diagrammatic representation a 
view of a first embodiment according to the invention, 
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- figure 2 shows in diagrammatic representation a 
view of a second embodiment according to the invention, 

- figure 3 shows in diagrammatic representation a 
view of a third embodiment according to the invention, 

- figure 4 shows in diagrammatic representation a 
view of a variant of the embodiment of figure 3, 

- figure 5 shows a diagrammatic representation of a 
stiffness-adjusting means according to the invention, 

- figure 6 shows a diagrammatic representation of 
another stiffness-adjusting means according to the 
invention. 

Referring to figure 1, a movable load or element 1 
intended to move vertically, that is to say in the 
direction of the arrows, has been represented. The movable 
element 1 is actually a rectangular plate, which in figure 
1 is seen in its thickness, and the jacks, which shall be 
described and give the appearance in figure 1 of being in 
alignment, must be considered each to be disposed level 
with a corner of this rectangular plate, each corner being 
supported by a jack, the drawing having been realized, 
purely for simplification purposes, to avoid a perspective 
view. 

Hence, disposed beneath each of the four corners of 
the rectangular plate, an elastic jack 2a, 2b, 2c, 2d can 
be found. These jacks are jacks made of ground rubber and 
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with the appearance of a circular enclosure, the height of 
which is variable and varies by increasing when the median 
diameter decreases, and vice versa. The jacks are placed 
on a fixed support 3 relative to which the movable element 
1 must move. 

Springs 4a, 4b, 4c, 4d are combined with each jack 
and are interposed between the movable element 1 and the 
support 3 so as to define, basically, the stiffness of the 
suspension. However, a single spring or other springs 
remote from the jacks could also be used. 

Each of the jacks is connected by a conduit of small 
or non-variable volume 5a, 5b, 5c, 5d to, in each case, a 
chamber 6a, 6b, 6c, 6d formed in a metallic block 7 and in 
which is guided a complex piston 8 composed of as many 
parts as chambers, namely the piston parts 8a, 8b, 8c, 8d. 
The effective cross sections of each piston part 8a, 8b, 
8c, 8d are mutually identical, such that the volume 
variations of the various chambers are mutually identical. 
The other end of the piston 8 is linked to a chamber 9, 
which by means of a duct 10 having a cock 11, is linked to 
a hydro pneumatic accumulator 12. 

It will be appreciated that, in such a device, if a 
variation in load position or a force tends to strain the 
flexible jack 2a, for example so as to reduce its volume 
and expel liquid through the duct 5a, a pressure increase 
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is generated in the chamber 6a and the piston 8 will be 
driven to the right, increasing by exactly the same amount 
the volumes of the chambers 6b, 6c, 6d, which, at that 
moment, draw up the liquid contained in the jack 2b, 2c, 
2d such that the load 1 will move, remaining virtually 
parallel to itself. The same effect is produced if the 
volume of one of the flexible jacks tends to increase. 

The liquid of the chamber 9 with the hydro pneumatic 
accumulator 12 . tends to allow the absorption of the 
thermal expansions of the hydraulic liquid of the jacks 
and allows, for example through the adjustment of the 
restriction 11, the introduction of a damping element, 
these effects being produced in combination with the modus 
operandi of the accumulator 12. 

According to the invention, the elasticity peculiar 
to the walls of the flexible jacks must be relatively weak 
and in any event sufficiently weak not to entail risks of 
really substantial deflections of the plate 1, given the 
reactions of the whole of the device. If stiff er springs 
are used, of course, the performance of the whole is 
likewise improved. 

Referring to figure 2, an embodiment virtually 
analogous to that of figure 1 can be seen. On the other 
hand, the complex chamber and piston device is replaced by 
four identical flexible jacks, namely the jacks 13a, 13b, 
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13c, 13d, these flexible jacks receiving the ducts 5a to 
5d respectively. They are interposed between a fixed 
structure 14, which is placed against one of their faces, 
and a movable structure 15, which transmits to each jack 
13a to 13d the deformation of the other jack(s) 13a to 13d. 
A spring 16 can advantageously be interposed between the 
two rigid structures 14 and 15. 

It will therefore be appreciated that if, for example, 
the jack 2a is strained in such a way as to reduce its 
volume and to expel liquid through the duct 5a, the liquid 
ending up inside the chamber of the jack 13a will increase 
the volume of said chamber and drive the movable rigid 
structure 15 to the left, hence increasing the volumes of 
the flexible jacks 13b, 13c, 13d and provoking a suction 
in the volumes of the jacks 2b, 2c, 2d, whereby the 
parallelism is restored. 

Here too, experience shows that an excellent 
suspension effect is obtained in remarkable fashion 
without the need for a single dynamic control device, the 
parallelism of the movable element 1 in its vertical 
displacement being broadly preserved. 

In this embodiment, the damping means can be any 
means whatsoever and may, for example, be simply 
constituted by the small section which can be afforded to 
the conduits 5a, 5b, 5c, 5d or by restriction subjugated, 
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for example, to the governance of the machine to be 
suspended. 

Referring to figure 3, a variant of the embodiment of 
figure 2 can be seen, in which the spring 16 is omitted 
and replaced by a flexible jack 17, which, via a duct 18, 
leads into a hydro pneumatic accumulator 19. In this case, 
the modus operandi becomes substantially equivalent to 
that of figure 1. The springs such as 4a, 4b, 4c, 4d can 
even be omitted, in which case the elasticity is that of 
the accumulator 19. 

Referring to figure 4, a device of the same type as 
that of figure 3 can be seen, but in which the fixed 
element 14 is replaced by a fixed element 20 provided with 
substantially radially directed bearing surfaces 21 and 
the movable element 15 is replaced by a star-shaped 
element 22, whose arms substantially parallel to the 
respective surfaces 21 place themselves against the 
corresponding faces of the jacks 13a to 13d and 17, the 
modus operandi being otherwise identical to that of the 
embodiment of figure 4. 

The flexible jacks used made of ground elastomer can 
be replaced by other types of flexible jacks and, in 
particular, by deformable elements such as bellows-shaped 
elements, especially bellows-type elements, which, having 
a stiffness dependent on the thickness of the bellows-type 
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wall, may possibly supplement the other elastic means such 
as springs or hydrodynamic chambers. 

The suspensions which have been realized in this way 
according to the invention prove to be extremely effective 
for various applications, especially for the support of 
engines or machine assemblies, as well as for the 
suspension of vehicles. The dynamic characteristics can be 
adjusted by regulating the stiffnesses of the elastic 
means and the degree of damping of the damping means. 

Reference is made to figure 5, in which a device has 
been represented by which the characteristics of the hydro 
pneumatic accumulator 12 (or 19) can be altered, of which 
the guide chamber 12a, the elastic diaphragm 12b and the 
underlying pneumatic chamber 12c can be seen. A liquid- 
transporting branch conduit 23, having a valve 23a, leads 
into the lower part of a cylinder 24, whereas an upper 
branch conduit 25, having a valve 25a, connects the 
pneumatic chamber 12c to the upper part of the cylinder 24. 
In the latter, a piston 24c delimiting two opposite 
chambers, a lower chamber 24a and an upper chamber 24b, is 
able to move. The position of the piston 24c in the 
cylinder 24, which determines the respective volumes of 
these chambers, is determined by a rod 26, by virtue of 
manual adjusting means 27. 
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It will be appreciated that if the pressure in the 
pneumatic chamber 12c of the accumulator 12 is wished to 
be increased, all that will be required is to raise the 
piston 24 back up in order to reduce the volume of the 
pneumatic chamber 24b, the cocks 25a and 23a being open to 
allow the volume adjustments. 

Referring to figure 6, a similar device can be seen, 
in which the position of the piston 24c can be adjusted, 
for example, by an electromagnetic winding 28 which 
electromagnetically adjusts the position of the piston 24c 
in the cylinder 24. 

These adjusting means of the accumulator 12 or 19, 
connected to said centralized hydraulic transmission means 
such as 7, 15 and 20, thus allow the adjustment of the 
stiffness, or even, in the case of figure 6, the control 
of the stiffness of the whole of the device by subjugating 
the means 24c and 28 to appropriate command means, for 
example as a function of a speed or load. 

The invention is not limited to the embodiments 
described and represented above, but encompasses the 
variants deriving therefrom. In particular, the springs 4a 
to 4d of figures 1 to 4 could be omitted and replaced by 
the elasticity of the hydro pneumatic accumulator 12, 19 
or 22 and/or of the spring 16. 
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The distribution system of figures 2, 3 and 4, based 
on flexible jacks 13a to 13d, could likewise be replaced 
by a distribution system based on piston-type jacks, 
coupled together in a line, in parallel or. in rotation. 
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CLAIMS 



1. A hydraulic suspension device for a movable 
element or load (1), of the flexible jack type, having 
elastic means (4a to 4d) and damping means, which device 
comprises at least two flexible-wall jacks (2a, 2b, 2c, 
2d) interposed between said movable element (1) and a 
support (3), each jack being supplied with incompressible 
liquid occupying the chamber of the jack in such a way as 
to preserve, to a certain extent, the parallelism of said 
movable element, wherein said chambers of said jacks are 
connected to centralized hydraulic transmission means (7, 
8 - 14, 15 - 21, 22) transmitting to each jack the volume 
variation corresponding to the volume variation of the 
other jacks, the sum of the volumes, that is to say the 
total hydraulic volume, remaining constant. 

2. The device as claimed in claim 1, wherein said 
centralized means (7, 8 - 14, 15 - 21, 22) are connected 
to adjustable means for the stiffness and/or the damping. 

3. The device as claimed in claim 2, wherein said 
adjustable means comprise springs (16) . 

4. The device as claimed in one of claims 2 and 3, 
wherein said adjustable means comprise hydro pneumatic 
accumulators (12, 19, 22) . 
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5. The device as claimed in any one of claims 1 to 4, 
wherein said hydraulic transmission means comprise jacks 
whose movable parts (8a to 8d, 14, 22) are mechanically 
joined together in such a way that the volume variations 
of said jacks are simultaneously equal. 

6. The device as claimed in claim 5, wherein said 
jacks (13a to 13d) of said hydraulic transmission means 
are flexible jacks. 

7. The device as claimed in one of claims 5 and 6, 
wherein said joined movable parts of pistons act also upon 
a piston chamber (9, 17) connected to a hydro pneumatic 
accumulator (12, 19) . 

8. The device as claimed in any one of claims 2 to 7, 
wherein said adjustable damping means comprise restrictor 
means (11) or sections of small duct diameters. 

9. The device especially as claimed in any one of 
claims 4 to 8, wherein a hydro pneumatic accumulator (12), 

possessing a hydraulic volume (12a) and a pneumatic volume 
(12c), has its volumes respectively connected by means of 

valves (23a, 25a) to corresponding volumes of a cylinder 
(24) whose separating means (24c) between the hydraulic 

and pneumatic volumes possess a position adjustable by 

virtue of the adjusting means (26, 28) . 
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ABSTRACT 



The hydraulic suspension device comprises a plurality 
of flexible jacks (2a, 2b, 2c, 2d) interposed between the 
movable element (1) to be suspended and the support (3) , 
as well as springs (4a, 4b, 4c, 4d) and damping means. The 
chambers of the jacks are connected to hydraulic 
transmission means (5a, 5b, 5c, 5d - 7 - 12) transmitting 
to each jack the variation in volumes of the other jacks. 
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